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Preparation of two new analogs 5 and 6 of the antitumor antibiotic CC-1065 1 are described. These com-
pounds represent structural modifications of the active analogs 3 and 2 respectively, in which the dienone
A-unit has been replaced by the tricyclic achiral gramine unit 4. Modest cytotoxicity was exhibited by com-

pounds 5 and 6.
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CC-1065, 1, an antitumor antibiolic isolated from Strep-
tomyces zelensis, [1] possesses exceptionally potent in vitro
cytotoxic activity, antimicrobial activity, and in vivo anti-
tumor activity {2]. The biological effects of this antitumor
agent have stimulated a great deal of research directed to-
wards its synthesis [3]. Studies were conducted on both the
covalent and noncovalent binding of compound 1 to DNA.
Although it was found that 1 binds to double-stranded
DNA, there was no intercalation of the DNA helix. Cove-
lent binding via alkylation was site specific at adenine-N,
in the minor groove of DNA. Furthermore, it was demon-
strated that 1 exhibited a marked DNA sequence selectivi-
ty [4]. The double stranded 8-DNA minor groove covalent
alkylation has been shown to proceed by an acid catalyzed
3'-adenine-N-3-alkylation by the reactive, electrophilic cy-
clopropyl group of the A-unit tricyclic system of CC-1065
[5]. The mechanism of antitumor activity (inhibition of
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DNA synthesis) has been proposed to be derived from
overstabilization of double stranded 8-DNA and inhibition
of the normal unwinding process required of DNA synthe-
sis [4] or selective alkylation of replication related recogni-
tion regions of DNA [6]. Unfortunately, CC-1065 displays a
fatal delayed hepatotoxicity in mice [7] which precludes
the clinical use of the agent. This observation has
stimulated the search for synthetic analogs which may be
cytotoxic while eliminating the hepatotoxicity of CC-1065
[8].

The work of the Upjohn group [8] has led to the prepa-
ration and subsequent evaluation of the simplified analog
U-71184, 2, which possesses comparable in vitro and in
vivo antitumor activity, and no delayed hepatotoxicity [8].
The synthesis of the closer analog 3 of TCC-1065 has also
been reported recently [3j,1]; it retains both the high activi-
ty and the toxicity of CC-1065.
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We now report the synthesis of the peptides 5 and 6.
These represent structural modifications of the active ana-
logs 3 and 2 in which the dienone A-unit has been re-
placed by the tricyclic achiral gramine unit 4. We rea-
soned that these new analogs would serve as excellent
probes to determine whether or not a gramine-type A-unit
would have sufficient alkylating properties to retain good
biological activity.

Synthesis of Analog 5.

We employed our photochemical strategy [3a] for the
construction of the tricyclic unit according to Scheme 1.
Wittig reaction of the aldehyde 8 with the phosphonium
salt [3f] 7 in the presence of a mild base (potassium car-
bonate) gave the cis- and trans-olefins 9 in the ratio of 1:3
(84%). Air-mediated photocyclization of the product9 as a
cis-, trans-mixture gave the tricyclic system 10 (75%).
Thermal deprotection of the t-butyloxycarbonyl group [3c]
followed by the reduction of the unprotected indole to an
indoline using sodium cyanoborohydride and reprotection
of the indoline nitrogen using di-t-butyl dicarbonate gave
compound 11 in an overall yield of 84%. Removal of the
1,1,1-trichloro-2,2-dimethylethyloxycarbonyl group by a
tellurium based procedure [3d] and reaction of the depro-
tected indole with formaldehyde-dimethylamine in the
presence of acetic acid at 0-5° gave the protected left-hand
segment 12 of the analog 5 (79%). Compound 13 was
prepared by the action of trifluoroacetic acid on 12 just
before the coupling reaction with 20.

S. Rajeswari, Akinbo A.

Adesomoju and M. P. Cava Vol. 26
Scheme 1
(ﬁ}\’gp o e i\ K,CO. & g
N Ma | QCHO T NN n\
BOC Tceoc OMF. 80°C BoC eno
7 8 9
1. heat,.180°C.N,
hv, air, EtOH 2. NaBHGCN HOAc -~
‘ !N '\J' N
TcBOC 2 ; O 3 @0C),0, OMAP T rcaoc BOC
11

L nT% v, MezN

TNesH,
2. CH,0, MezNH HOAc H*
0°c-5°%C

Me,N
CF4COOH, c&qzcl2
N N,

The formation of the peptide bonds could be achieved
in two different way with A-, B-, C-units viz. by route (1) or
route (2) (refer to structure 5).
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unit A .
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Compound 5 was prepared using both routes.
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The B-C unit of 5 was prepared as the urea acid 20 accord-
ing to Scheme 2. Compound 14, prepared as previously
described [3f], was converted to the 1,1,1-trichloro-2,2-di-
methylethyloxycarbonyl derivatives 15 (84%). Hydrolysis
of the ester group of 15 gave 16 (97%) which when reacted
with cyanuric fluoride and pyridine by the method of Olah
[9] gave the stable acid fluoride 17 (97%). Reaction of the
acid fluoride 17 with the trimethylsilyl derivative of 14
gave the peptide 18 (89%) [10). Deprotection of the
1,1,1-trichloro-2,2-dimethylethyloxy carbonyl group failed
using the original catalytic tellurolate procedure [3d] due
to the insolubility of 18, but succeeded using a stoichiome-
tric tellurolate modification (Method A). The resulting
crude indoline was reacted with aqueous sodium cya-
nate/acetic acid to give the urea 19 (52%). Hydrolysis of
19 with methanolic sodium hydroxide gave the free pcid
20 [3i] (88%). Coupling of this acid with the free indoline
13 in the presence of EDCI [15] gave 5 in 60% yield. Alter-
natively the dipeptide urea 19 could be obtained by react-
ing the acid [3f] 21 with the free indoline 14 in the pre-
sence of EDCI (Method B). Thus, compound 5 could be
obtained by this method (Method B) in an overall yield of
48% from 21 and 14. An alternative and more direct pre-
paration of 5 was summarized in Scheme 3 which follows
route (1) viz.,
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By this method, compound 5 was prepared in an overall
yield of 49% starting from 12 and 14.

Synthesis of 6.

Compound 6 was prepared using both the coupling
methodologies [fluoride coupling methodology [10] and us-
ing a water soluble peptide coupling agent (EDCI)] accord-
ing to Scheme 4. The overall yield of 6 starting from the
indole-2-carboxylic acid and ethyl 5-nitroindole-2-carbox-
ylate 24 was 42%.
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Biological Activity.

Both compounds 5 and 6 were sent for biological testing
to the Upjohn Company [16] with the following results:

The concentration of the drug required to inhibit by
50% (IDso) the growth of the murine L1210 cells in a 3 day
in vitro assay for 5 was 2.8 X 107 mg/ml, whereas for
CC-1065 the IDy, was 3 X 10°° mg/ml, indicating that S is
several orders of magnitude less potent than CC-1065. In
the same in vitro assay for compound 6, the IDy, was 2.3
mg/ml, in contrast to the IDso of 2 which was 3.5 x 10°¢
mg/ml. The situation is very similar in vivo. Compound 5
was tested side by side with CC-1065 in vivo in P388 leuke-
mic mice with the standard NCI protocol with both the tu-
mor and the drug (which was dosed on days 1, 5, and 9) be-
ing administered intraperitoneally. The percent increase
in the life span of treated mice over that of control
tumored mice (% T/C) at the optimal dose of 3 mg/kg of 3
was 30, whereas in was 65 for CC-1065 at an optimal dose
of 0.05 mg/kg. These show that 5 was not only less potent
than CC-1065 but was also ‘‘significantly less active’’. At
the highest dose tested, 12 mg/kg of 5, no marked toxicity
to the mice was seen but the activity was only marginal
with a % T/C of 12.5. At doses below 3 mg/kg (from 0.05
mg/kg up to 1.5 mg/kg) no activity was observed. Observa-
tions by Dr. P. Aristoff [16] indicate that tetradesoxy
CC-1065 behaves biologically almost identically as
CC-1065. Therefore, the loss of activity and potency with
the gramine analog 5 is almost certainly due to the left-
hand (i.e., gramine) segment. Compound 6 was tested in
vivo in P388 leukemic mice with the tumor administered
intraperitoneally and the drug dosed intraperitoneally on
days 1, 5, and 9. In this experiment, 6 was tested at 6 dose
levels between 0.28 mg/kg to 9 mg/kg. No drug toxicity was

noted as evidenced by weight loss or premature death of
the mice even at the top dose (9 mg/kg). At the top dose on-
ly a 5% increase in the lifespan of the mice over controls
was observed. The maximum increase in the lifespan of
15% was observed at a dose of 4.5 mglkg; however, only
increases in lifespan of 25% or greater are considered sig-
nificant in P388. In contrast, in the same experiment 2 at
6 mg/kg produced a 105% increase in life span of mice
with 2/6 mice still alive at day 30 (and thus presumably
cured). When the induced circular dichroism spectrum
(ICD) of the compound 5 was measured in the presence of
calf thymus DNA (which is an indication of how well the
compound interacts with DNA), a value of 50,000 was ob-
tained for the molar ellipticity (A [®]) after 24 hours in-
dicating an interaction of 5 with the DNA. This was still
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significantly less than that of CC-1065, 1, which has a A
[®] of 280,000.

Therefore, one must conclude that the substitution of
the left hand A-unit in the CC-1065 analog series with a
gramine unit leads to a marked (> 1000 fold) decrease in
potency.

EXPERIMENTAL
General Data.

Proton nuclear magnetic resonance spectra (‘*H nmr) were re-
corded on a Nicolet 200 NMR spectrometer and chemical shifts
are reported in 6 values relative to internal standard tetramethyl-
silane. The following abbreviations are used in reporting the
nmr: 8, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br,
broad; J, coupling constant. Infrared spectra (ir) were recorded
on a Perkin Elmer 781 infrared spectrophotometer as potassium
bromide pellets for solids or films for liquids and are uncor-
rected. Ultra violet (uv) spectra were recorded on a Perkin Elmer
Lambda 48 uvivis spectrophotometer using ethanol as solvent.
Electron impact mass spectra (EIMS) were recorded on a
Hewlett-Packard 5085A GC/MS system. High resolution mass
spectra (HRMS) were recorded at the mass spectrometry facility
at MIT. These are fast atom bombardment MS (FABMS) using
glycerol/3-nitrobenzyl alcohol (3-NO,Ba) as matrices. Melting
points (mp) were determined on a Thomas-Hoover capillary melt-
ing point apparatus and are uncorrected. Microanalytical data
were obtained through Atlantic Microlab, Atlanta, Georgia. Un-
less indicated otherwise, all reactions were performed in a flame-
dried flask using dry distilled solvents maintained under a posi-
tive pressure of nitrogen in a balloon. Tetrahydrofuran was dis-
tilled from sodium-benzophenone ketyl. Other distilled solvents
were stored over either 3A°/4A° molecular sieves. Solvents used
for extraction and chromatography were reagent grade. Reac-
tions were heated in silicone oil baths, the stated reaction temper-
ature being the temperature of the bath, within +5°. Column
chromatography was performed by using Merck silica gel
{230-400 mesh). Photolysis was performed in a water-cooled
quartz or borosilicate immersion well available from Ace Glass
Co. The uv source was a Hanovia 450-W, medium pressure mer-
cury vapour lamp which was used with a Pyrex filter. Photolyses
were carried out in a specially constructed Pyrex two-walled glass
vessel using spectro grade acetonitrile as solvent. In the text,
“washed’ means washing the organic layer with water unless
specified otherwise, ‘‘dried”’ means drying over anhydrous sodi-
um sulfate unless specified otherwise.
11",}',1"-Trichloro-2,2'-dimethylethyloxycarbonyl)-2-formylpyr-
role (8).

A mixture of pyrrole-2-aldehyde [12] (3.006 g, 31.6 mmoles),
1,1,2-trichloro-2,2-dimethylethyloxycarbonyl chloride (10.08 g, 42
mmoles), triethyl amine (5.76 ml, 42 mmoles), and 4{dimethyl-
amino)pyridine (300 mg) in acetonitrile (75 ml) was stirred at rt in
an atmosphere of nitrogen for 16 hours. The acetonitrile was
removed in vacuo and the residue was taken up in water and ex-
tracted with methylene chloride (3 x 50 ml). The organic layer
was washed, dried, and evaporated to yield 8 as a white crystal-
line solid (8.75 g, 93%), mp 259° (hexanelethyl acetate); 'H nmr
(deuteriochloroform): § 2.09 (6H, s, -Me x 2), 6.33 (1H, t, ArH),
7.24 (1H, m, ArH), 7.49 (1H, m, ArH), 10.40 (1H, s, CHO); ms:
(EIMS) m/z 299, 297 (M*- ¥7Cl, *Cl), 161, 159, 138, 125, 123, 112,

Vol. 26

95.
Anal. Calcd. for C,,H,,CI,NO,: C, 40.23; H, 3.38; N, 4.69; Cl,
35.62. Found: C, 40.29; H, 3.39; N, 4.66; Cl, 35.55.

5-[2-{L{[(1,1-Dimethylethyl)oxy]carbonyl}-1 H-pyrrol-2-yl]ethe-
nyl}-2{(1',1',1"-trichloro-2’,2"-dimethylethyl)oxylcarbonyl}- 1 H-pyr-
role (9).

To a flask fitted with a magnetic stirbar were added aldehyde 8
(8.02, g, 26.86 mmoles), phosphonium salt [3f] 7 (15.28 g, 26.85
mmoles), anhydrous potassium carbonate (20 g), and dimethyl
formamide (200 ml). The stirred reaction mixture was vacuum
purged with nitrogen (3x) and then heated on an oil bath for 8
hours at 80°. The cooled reaction mixture was diluted with water
(500 ml) and ether (200 ml), stirred vigorously for 30 minutes, and
then filtered through a pad of celite. The organic phase was
separated and the aqueous phase was extracted with ether (2 x
100 ml). The combined organic phase was washed (brine, 25 ml),
dried, and concentrated under reduced pressure. Purification of
this residue by chromatography using hexane-ethyl acetate (9:1)
as solvent afforded the product, a mixture of cis- and trans-iso-
mers of 9 (1:3), as a gummy, pale yellow solid (10.41 g; 84%) from
which the trans-isomer was separated by crystallization from eth-
anol affording an analytically pure sample as white fibrous
needles, mp 149-150°; "H nmr (deuteriochloroform): & 1.60 (9H, s,
-C(Mes)), 2.05 (6H,s, =CMe,), 6.11-7.57 (8H, m, ArH); ir: » 1730,
1690 cm™*; ms: (EIMS) m/z 460, 462 (M*- *5Cl, *’Cl), 404, 406, 360,
362, 246, 202, 157, 57; uv: A nm (log €): 337 (3.81), 232 (3.80), 205
(3.78).

Anal. Caled. for C,,H,,C,N,0,-H,0: C, 50.07; H, 5.25; N, 5.84.
Found: C, 50.27; H, 4.85; N, 5.83.

3.[(1,1-Dimethylethyl)oxy]carbonyl-3H-pyrrolo{3,2-e}-6-[(1’,1',1"-
trichloro-2',2"-dimethylethyl)oxylcarbonylindole (10).

To an ethanolic solution of 9 (2 g in 450 ml) was added a cata-
lytic amount of iodine (50 mg) and irradiated with the uv lamp
maintaining a slow and constant stream of air. The disappear-
ance of the starting material was monitored by tlc. After 1 hour
and 30 minutes, the solvent was evaporated in vacuo. The residue
was taken up in methylene chloride and washed with a solution of
sodium bisulfite followed by water. The organic layer was dried
and evaporated to yield a honey-colored foam (1.91 g) from which
a tan-colored solid 10 (1.5 g, 75%) could be obtained by flash col-
umn chromatography using hexane-methylene chloride (2:1); mp
145-146° (ethanol); '"H nmr (deuteriochloroform): é 1.71 (9H, s,
-CMe;), 2.15 (6H, s, =CMe;,), 6.82 2H, m, ] = 2.8 Hz, ArH), 7.71,
7.68 (2H, d, ] = 3.49 Hz, ArH), 8.24 (2H, ArH); ir: » 1730, 1690,
1580 cm™; ms: (EIMS) m/z 460, 458 (M*- *’Cl, *Cl), 404, 402, 360,
358, 244, 200, 155, 57; uv: [\ nm (log €)}: 325 (3.30), 301 (3.60), 290
(3.70), 282 (3.78), 250 (3.70), 202 (3.68).

Anal. Caled. for C, H,,CI,N,0,: C, 52.25; H, 4.60; N, 6.095.
Found: C, 52.13; H, 4.60; N, 6.06.

3-{(1,1-DimethylethylJoxy]carbonyl-1,2-dihydro-3H-pyrrolo{3,2-e}
6{(1',1',1"-trichloro-2',2"-dimethylethyl)oxylcarbonyl indole (11).

Compound 10 (1 g) was heated in a round bottom flask under a
positive pressure of nitrogen at 180°. At 145° the solid started
melting gave out small bubbles of carbon dioxide, and turned
green. When the evolution of carbon dioxide ceased, the green-
ish gum was cooled and purified by flash column chromatogra-
phy on silica gel using methylene chloride as the eluting solvent
to give a greyish white solid of 10a (681 mg, 87%) mp 185°
(methanol); 'H nmr (deuteriochloroform): & 2.12 (6H, s, = CMe,),
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6.46 (2H, ArH), 7.66, 6.86 (2H, q, ] = 3.7 Hz, ArH), 7.36 (1H, d, ]
= 7.06 Hz, ArH), 8.18 (1H, d, ] = 9 Hz, ArH); ms: (EIMS) m/z
360, 358 (M*- *’Cl, *Cl), 200, 183, 155.

Anal. Caled. for C,,H,,C,N,0,: C, 49.82; H, 4.18; N, 7.75.
Found: C, 50.37; H, 3.81; N, 7.62.

This compound was used in the next step without further puri-
fication. To this solid 10a (681 mg) in glacial acetic acid (20 ml)
was added sodium cyanoborohydride (300 mg) in small portions
at 15 minute intervals maintaining the temperature at 15-20°.
After 2 hours at 20°, the acetic acid was removed in vacuo; water
was added to the residue and was repeatedly extracted with
methylene chloride (3 x 50 ml). The organic layer was washed,
dried, and evaporated to yield the indoline as a greyish white
solid (650 mg), mp 158°; 'H nmr (deuteriochloroform): & 2.09 (6H,
s, =CMe,), 3.18 2H, t,] = 7.5 Hz,-CH,), 3.65 (2H, t,] = 7.5 Hz,
-CH,), 6.42, 1.56 (2H, q, J = 3.74 Hz, ArH), 6.74, 794 (2H, q,] =
9 Hz, ArH); to this solid (650 mg) in acetonitrile (10 ml) was added
di-t-butyl dicarbonate (300 mg) and a catalytic amount of 4<di-
methylamino)pyridine (25 mg). The whole solution was purged
with nitrogen and was stirred at rt for 16 hours. Evaporation of
acetonitrile followed by the addition of water (50 ml) and extract-
ing the aqueous layer with methylene chloride yielded a gummy

solid which could be purified further by column chromatography
on silica gel using methylene chloride-hexane (1:2) as the eluting
solvent to yield compound 11 as a white microcrystalline solid
(850 mg, overall yield from 1 g of 10 is 84 %), mp 172° (hexane).
'H nmr (deuteriochloroform): § 1.55 (9H, s, C-Me,), 2.11 (6H, s,
.CMe,), 3.23 2H, t,J = 8 Hz,-CH,), 411 2H, t,J = 8 Hz,-CH)),
7.26 (1H, ArH), 7.60, 6.46 (2H, q,] = 4 Hz, ArH), 8.03 (1H, ArH);
ms: (EIMS) m/z 464, 462 (M*- ¥"C, **Cl), 406, 404, 362, 360, 246,
202, 201, 157, 156, 130, 57; ir: » 2970, 2905, 2840, 1730, 1690,
1590 cm™; uv: A nm (log €) 317 (3.65), 265 (3.92), 240 (3.88).

Anal. Caled. for C,H,,CI,N,0,: C, 52.02; H, 5.02; N, 6.07.
Found: C, 52.09; H, 5.06; N, 6.05.

3-[(1,1-Dimethylethyl)oxylcarbonyl-1,2-dihydro-3H-pyrrolo-
[3,2-€}-84N,N-dimethylamino methyl)indole 12).

Compound 11 (1 g, 2.17 mmoles) and 2,2-bis-thienyl ditelluride
(292 mg, 0.69 mmole) in tetrahydrofuran (100 ml) were heated un-
der reflux in an atmosphere of nitrogen. To this hot solution was
added a solution of sodium borohydride (392 mg, 8.7 mmoles in
33 ml water, stabilized with 4 drops of 40% sodium hydroxide) in
“small aliquots’’. The red color of the solution disappeared as
soon as the solution of sodium borohydride was added and reap-
peared after a few minutes. The solution of sodium borehydride
was added again. This process was repeated until the red color
did not reappear (this took nearly 40 minutes). After checking the
tlc (silica gel GF,s4, hexane-ethyl acetate (4:1)] for the disappear-
ance of the starting material, the reaction mixture was cooled, ex-
posed to air, and acidified with 4N hydrochloric acid to pH6and
was extracted with ethyl acetate (3 x 10 ml). The combined
organic layer was washed, dried, and evaporated in vacuo to yield
a brown colored product which was purified by column chromato-
graphy on silica gel using hexane-methylene chloride (1:1) to give
11a as a white microcrystalline powder (500 mg, 89%), mp 195°
(hexane/chloroform); 'H nmr (deuteriochloroform): & 1.56 (9H, s,
C-Me,), 3.25 2H, t, ] = 8.6 Hz, -CH,), 4.08 (2H, t, ] = 8.6 Hz,
.CH,), 6.38 (1H, s, ArH), 7.20 (3H, m, ArH), 8.11 (1H, bs, -NH); ms:
(EIMS) m/z 258 (M*"), 202 (M-56), 201, 157, 130, 57. To a mixture
of formaldehyde (37% aqueous solution; 204.1 ml) and N,N-di-
methylamine (40% solution in water, 343 ml) cooled in an icebath
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at 0-5° was added glacial acetic acid (2 ml) drop by drop. To this
mixture at 0° was added the above deprotected amine 11a (500
mg) in small portions, stirred, and allowed to come to rt. After 16
hours, water was added and the aqueous layer was extracted with
ether. The aqueous layer, after the ether wash, was cooled and
basified with a saturated solution of sodium carbonate to pH 8
and extracted with ether (3 x 50 ml). The ether layer was washed
(brine), dried, and evaporated to yield a white foam of 12 which
crystallized nicely from ether (534 mg, 78.5% starting from 11);
mp 164°; *H nmr (deuteriochloroform): 6 1.58 (OH, s, -CMe;), 2.32
(6H, s, -CH,N-Me,), 3.46 2H, t, ] = 8.6 Hz, -CH,), 3.63 (21, s,
.CH, NMe,), 4.08 (2H, t, J = 8.4 Hz, -CH,), 7.17 (3H, m, ArH),
8.21 (1H, bs, -NH); ir: » 3140, 3100, 1680, 1590 cm™*; ms: (EIMS)
m/z 315 (M*), 270, 214, 170, 169, 149, 115, 58, 57.

Anal. Caled. for C,H,N,0,: C, 68.54; H, 7.99; N, 13.33.
Found: C, 68.60; H, 8.02; N, 13.25.

1,2-Dihydro-8-(dimethylamino)methyl-3 H-pyrrolo[3,2-elindole
(13).

To compound 12 (301.5 mg, 0.96 mmole) in methylene chloride
(5 ml) at 0-5° was added trifluoroacetic acid (0.5 mi) drop by drop.
After 30 minutes the methylene chloride was removed in vacuo
and the resulting syrup was dried thoroughly in vacuo to give the
trifluoroacetate salt of 13 (290 mg); 'H nmr (deuteriochloroform):
6 11.84 (1H, bs, -NH), 11.81 (1H, bm, -NH), 7.91-7.14 (ArH), 4.42
(2H, s, -CH,), 3.87, 3.80, 3.69, 3.61 (4H, m, -CH, x 2), 2.80 (6H, 5,
.CH,NMe,). This trifluoroacetate salt was basified under nitro-
gen using dilute ammonia (4N) and extracted with methylene
chloride and dried to give 13 which was used as such for further
reaction (kept under nitrogen).

3{[(1’,1",1"-Trichloro-2',2'-dimethylethyloxy]carbonyl}-1,2-dihy-
dro-3H-pyrrolo[3,2-elindole-7-carboxylic Acid Ethyl Ester (15).

A mixture of indoline 14 [3f] (1.127 g, 4.9 mmoles), 1,1,1-tri-
chloro-2,2-dimethylethyloxycarbonyl chloride (1.32 g, 5 mmoles),
triethylamine (760 ml, 5 mmoles), and 4{dimethylamino)pyridine
(55 mg) in acetonitrile (25 ml) was stirred at rt in an atmosphere
of nitrogen, for 16 hours. The acetonitrile was removed in vacuo.
The residue was taken up in water and repeatedly extracted with
methylene chloride (3 X 50 ml). The organic layer was washed,
dried, and evaporated to yield 15 as a white, fluffy solid (1.78 g,
84%), mp 228° (benzene); ‘H nmr (deuteriochloroform): 6 142
(3H,1,J = 7.0 Hz, -CH,Me), 2.03 (6H,s, =CMe,), 3.30 (2H,1,] =
8.8 Hz, -CH,), 4.21 (2H,t,] = 8.8 Hz,-CH,), 4.42(2H, q,] = 7.0
Hz, -CH;Me), 7.09 (1H, s, ArH), 7.27, 8.02 2H, q, ] = 8 Hz, ArH
x 2), 8.92 (1H, bs, NH); ms: (EIMS) m/z 434, 432 (M* *’Cl, **CI),
368, 274, 272, 256, 228, 184, 156, uv: [\ nm (log €)] 339 (3.60), 290
(4.01), 297 (4.06), 248 (4.1).

Anal. Caled. for C,H,,C,N,0,1%CH,: C, 53.35; H, 4.69; N,
5.93. Found: C, 53.37; H, 4.82; N, 5.85.

3.1',1',1'-Trichloro-2',2"-dimethylethyloxycarbonyl)-1,2-dihydro-
3H-pyrrolo-{3,2-elindole-7-carboxylic Acid (16).

To a solution of the above ester 15 (1 g, 2.3 mmoles) in metha-
nol (50 ml) was added a solution of sodium hydroxide (500 mg in
10 ml water) and the resulting solution was heated under reflux
under nitrogen for 3 hours. The solution was cooled, acidified
with concentrated hydrochloric acid to pH 2, and cooled in ice
again. The separated white solid 16 was filtered, washed, and
dried to yield a white microcrystalline powder (720 mg, 97 %); mp
296° (methanol); *H nmr (deuteriochloroform + dimethyl sulfox-
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ide-de): 6 2.04 (6H, s, -CMe,), 3.30 (2H, t, ] = 8 Hz, -CH,), 4.20
(2H, t,J = 8 Hz, CH,), 7.18 (2H, m, ArH), 8.03 (1H, d, ] = 8 Hz,
ArH), 8.85 (1H, bs, -NH); ir: v 3320, 1715, 1685 cm™; ms: (EIMS)
mlz 406, 404 (M* *"Cl, **Cl), 246, 228, 201, 183, 156, 128, 101;
HRMS: (FABMS-Glycerol) m/z 405.0175 [caled. for C,H,,GLN,0,
+ H): 405.0176).

Anal. Calcd. for C, H,,CI,N,0,-14CH,OH: C, 47.00; H, 4.06; N,
6.64. Found: C, 47.37; H, 4.02; N, 6.61.

3{[3"(1",1",1"-Trichloro-2",2"-dimethylethyl)oxy]carbonyl-1',2"-
dihydro-3H-pyrrolo[3,2-elindole-7"-carbonyl}-1,2-dihydro-3 H-pyr-
rolo[3,2-elindole-7-carboxylic Acid Ester (18).

1)Preparation of the Acid Fluoride 17.

To the above carboxylic acid 16 (400 mg, 0.985 mmole) in ace-
tonitrile (3 ml) was added cyanuric fluoride (66.5 mg, 0.493
mmole) in acetonitrile (1 ml) drop by drep under nitrogen. Imme-
diately, dry pyridine (78 mg, 0.985 mmole) was added drop by
drop. The resulting yellow solution was stirred vigorously under
nitrogen for 16 hours. Acetonitrile was removed in vacuo. The re-
sidue was suspended in water and extracted with methylene
chloride (3 x 25 ml). The organic layer was washed (ice water),
dried, and evaporated to yield a greenish yellow solid 17 (390 mg,
97%), mp 190°; 'H nmr (deuteriochloroform): 8 2.03 (6H, s,
-CMe,), 3.33 2H, t, ] = 8 Hz, -CH,), 4.23 (2H, 1,] = 8 Hz, -CH)),
1.29 (2H, m, ArH), 8.12(1H, d,J = 9 Hz, ArH), 8.80 (1H, bs, -NH);
ir: » 3200, 1800 (-COF), 1740, 1690 cm™*; ms: (EIMS) m/z 408, 406
(M* *’Cl, **Cl), 248, 228, 183, 155. To the trimethylsilyl deriva-
tive of 14 [13] (70.6 mg, 0.245 mmole) in acetonitrile (10 ml) was
addd the acid fluoride 17 (100 mg, 0.245 mmole) and tetrabutyl-
ammonium fluoride (10 mg). The resulting mixture was stirred at
rt under nitrogen for 16 hours. The solid that separated was fil-

tered, washed (ice water), and dried to yield 18 (136 mg, 90%); as -

a white microcrystalline powder mp 286°, which was crystallized
from benzene; 'H nmr (dimethyl sulfoxide-ds): 5 1.36 (BH,1,] =7
Hz, -Me), 1.96 (6H, s, -CMe,), 4.62, 4.40 (6H, m), 7.01 (1H, s, ArH),
7.12(1H, s, ArH), 7.33 (2H, d, ] = 8.3 Hz, ArH), 7.82(1H, d, ] =
8.6 Hz, ArH), 8.29 (1H, d, J] = 8.3 Hz, ArH), 11.90, 11.71 (1H,
each s, -NH x 2); ir: » 3200, 3060, 1700, 1600 cm™'; HRMS:
(FABMS-3-NO,BA) m/z 616.1047 [Caled. for C,,H,,*CI,N,0, +
H): 616.1047}, m/z 617.1115 [Caled. for C,H,,*Cl,N,0, + H):
617.1125).

Anal. Caled. for Cy,H,,CI,N,0,: C, 56.48; H, 4.42; N, 9.09.
Found: C, 56.50; H, 4.45; N, 9.08.

3{(3"-Carbamoyl-1",2"-dihydro)}-3H-pyrrolo[3,2-eJindole-7"-car-
bonyl]-1,2-dihydro-3H-pyrrolo[3,2-e]indole-7-carboxylic Acid
Ester (19).

Method A.

To the above 1',1',1"trichloro-2',2"-dimethylethyloxycarbonyl
derivative 18 (50 mg, 0.083 mmole) in dimethylformamide (5 ml)
was added 2,2"bis-thienyl ditelluride (15 mg) and heated to 100°
in an atmosphere of nitrogen. Sodium borohydride (15 mg in 0.5
ml water) was added in drops until the color of the tellurium rea-
gent was permanently discharged (~40 minutes) and the reac-
tion was maintained at this temperature for another 30 minutes.
The solvent was removed in vacuo. To the residue was added ace-
tic acid (2 ml) and sodium cyanate (50 mg in 0.5 ml water). The re-
action mixture was warmed on a water bath for 15 minutes. Wa-
ter was added to the reaction mixture and extracted with methyl-
ene chloride (a large excess). The organic layer was dried and
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evaporated in vacuo to leave a tan-colored solid which was wash-
ed repeatedly with hexane to give 19 as a microcrystalline pow-
der (19.7 mg, 52%), mp 296°; 'H nmr (dimethyl sulfoxide-d¢): 6
1.42 (3H, t, ] = 7 Hz, -Me), 4.06 2H, 1, ] = 8.5 Hz, -CH,), 4.38
H, t, ] = 7 Hz, -CH,), 4.68 2H, t, ] = 8 Hz, -CH,), 6.01 (bs
-NH,), 8.22,7.99, 7.97, 7.63, 7.40, 7.36, 7.31, 7.09, 6.84, 6.89 (com-
plex m, ArH), 11.84, 11.49 (2H, each bs, -NH x 2); ir: v 3300,
2900, 1700, 1650, 1610, 1590 cm™'; HRMS: (FABMS-Glycerol)
m/z 458.1862 [Calcd. for C,;H, N0, + H): 458.1828].

Method B.

The dideoxy derivative 21 [3f] (69 mg, 0.28 mmole), compound
14 (64.4 mg, 0.28 mmole), and EDCI (114 mg, 0.059 mmole) in te-
trahydrofuran (10 ml) were stirred at rt for 18 hours under nitro-
gen. The solvent was removed in vacuo. The residue was sus-
pended in water and acidified with dilute hydrochloric acid to pH
2. A greenish, yellow solid that separated after cooling was fil-
tered, washed (sodium carbonate solution, cold water), and dried
{over phosphorus pentoxide), (112 mg, 87.5%), mp 296°, identical
with the compound 19 prepared by Method A (ir, mp).

3.[(3"-Carbamoyl-1",2"-dihydro)-3 H-pyrrolo[3,2-elindole-7"-car-
bonyl}1,2-dihydro-3H-pyrrolo[3,2-efindole-7-carboxylic Acid (20).

Compound 19 (83 mg, 0.18 mmole) in methanol (10 ml), tetra-
hydrofuran (2 ml), and aqueous sodium hydroxide (4N, 0.24 ml)
were heated on an oil bath in an atmosphere of nitrogen under
reflux for 90 minutes. Methanol was removed in vacuo and the
aqgeuous layer was cooled and acidified to pH 2. The solid that
separated on cooling was filtered, washed (ice water), and dried
(over phosphorus pentoxide) to give a greyish white powder 20
(714 mg, 92%), mp >280° [14].

2-[3"{3'-Carbamoyl-1',2"-dihydro-3H-pyrrolo[3,2-eJindole-7"-car-
bonyl}1",2"-dihydro-3H-pyrrolo[3,2-eJindole-7 "-carbonyl}1,2-di-
hydro-3H-pyrrolo[3,2-e}-8{N, N-dimethylamino methyl)indole (5).

The above carboxylic acid 20 (75 mg, 0.174 mmoles), com-
pound 13 (37.54 mg, 0.174 mmoles), and EDCI (94 mg, 0.49
mmoles) in dimethylformamide (3 ml) were stirred at rt for 72
hours. The solvent was completely removed in vacuo. The resi-
due was triturated with a cold dilute hydrochloric acid to pH 2.
The brown-colored solid that separated after cooling was filtered,
washed with a 5% solution of sodium carbonate, then water, and
dried. Compound 5, obtained as a brown colored powder (103.7
mg, 99%), was further purified by passing through a short col-
umn of sephadex-LH 20 using methanol-tetrahydrofuran as the
eluant to give 5 (62.9 mg, 60%); mp > 350°; 'H nmr (dimethylsul-
foxide-d,): 6 2.85 (6H, s, -CH,NMe;), 3.32, 3.97, 4.43, 4.92 (Each
m. -CH,), 3.84 (2H, s, -CH,-NMe), 8.89, 8.59, 8.14, 8.11, 7.68, 7.57,
7.34, 7.05 9H, m, ArH), 11.27 (1H, s, -NH), 12.01 (2H, m, -NH x
2); ir: » 3250, 2900, 2830, 1690, 1650, 1600 cm™*; ms: (FABMS-
3NO,BA) m/z 568 (626-58), 523, 412.

3-[3'-(1",1",1"-Trichloro-2",2"-dimethylethyloxy
carbonyl)-1',2"-dihydro-3H-pyrrolo[3,2-elindole-7'-carbonyl]-1-
,2-dihydro-3H-pyrrolo[3,2-e}8{N, N-dimethylamino methyl)indole
(23).

To the trifluoroacetate salt of 13 (290.0 mg, 0.88 mmole) and
triethylamine (0.1 ml) in acetonitrile (5 ml), was added bis-
trimethylsilylacetamide (107 ml, 0.53 mmole) in acetonitrile (1 ml)
and the mixture was stirred at rt in an atmosphere of nitrogen for
2 hours. The solvent and the excess reagent were removed in
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vacuo to give a gum 22 which was dissolved in acetonitrile (2 ml).
To this was added the acid fluoride 17 (390 mg, 0.95 mmole) in
acetonitrile (5 ml) followed by tetrabutyl ammonium fluoride (10
mg) and stirred under nitrogen at rt for 16 hours. The solid that
separated was filtered, washed with ice water, and dried (over
phosphorus pentoxide) to give compound 23 (429 mg, 80%)
which was crystallized from ethyl acetate-methanol mp > 300°;
'H nmr (deuteriochloroform): 6 2.03 (6H, s, -CMe,), 2.28 (6H, s,
-CH,NMe), 3.33 (2H, 1, ] = 8 Hz, -CH,), 3.56 (2H, s, -CH,NMe,),
3.71 (2H, t,J = 8 Hz, -CH,), 4.21 2H, t, ] = 8 Hz, -CH,), 4.61
(2H,t,] = 8 Hz,-CH,), 6.82 (1H, ArH), 7.46, 7.42, 7.37, 7.34 (3H,
ArH), 792 (1H, d,J = 9 Hz, ArH),8.28 (1H, d, ] = 8.3 Hz, ArH),
11.03, 10.60 (2H, each bs, -NH x 2); ir: » 3300, 2940, 1725, 1620,
1580 cm™'; HRMS: (FABMS-3NO,BA) m/z 602.1494 [Calcd. for
C,,H,,*Cl,N,0, + H), 602.1493].

3{3"-(3'-Carbamoyl-1'2"-dihydro-3H-pyrrolo[3,2-elindole-7"-carbo-
nyl)}1",2"-dihydro-3 H-pyrrolo[3,2-e]indole-7"-carbonyl}1,2-dihy-
dro-3H-pyrrolo-{3,2-¢}-8{N, N-dimethylaminomethyl)indole (3).

To a solution of 23 (50 mg, 0.08 mmole) and 2,2"-bisthienyl di-
telluride (15 mg) in dimethylformamide (5 ml) at 100° under ni-
trogen was added a solution of sodium borohydride (15 mg in 0.5
ml water and stablized with a drop of 40% sodium hydroxide) in
drops until the red color is discharged permanently (this took
~ 45 minutes). After 2 hours at this temperature, the solvent was
removed in vacuo and the residue was extracted with methylene
chloride (3 X 15 mil). The organic layer was dried and evaporated
in vacuo. The residue was repeatedly washed with hexane (3 X
15 ml) to remove any unreacted telluride reagent. To the result-
ing residue in acetonitrile (5 ml) and dimethyl formamide (3 ml)
was added EDCI (75 mg) and the acid 21 (19.6 mg, 0.08 mmole).
The mixture was stirred under nitrogen at rt for 16 hours. The
solvent was removed in vacuo and the solid that separated was fil-
tered, washed with dihite hydrochloric acid followed by a very
dilute ammonia, and dried (over phosphorus pentoxide) to yield a
pale brown microcrystalline powder 5 (28 mg, 55.9%), mp
> 350°, identical with compound 5 prepared earlier from 20 (ir,

mp).
5-Aminoindole-2-carboxylic Acid Ethyl Ester (25).

To the 5-nitroindole-2-carboxylic acid, ethyl ester [10] 24 (1.5 g,
6.4 mmoles) in ethanol (100 ml) was added ammonium formate
(1.612 g, 25.6 mmoles) and palladium on carbon (5%, 150 mg).
The mixture was refluxed on an oil bath at 90° for 30 minutes
under nitrogen. Palladium on carbon was filtered on a pad of ce-
lite and the filtrate was concentrated in vacuo. The residue was
taken up in water and basified with ammonia to pH 8 and ex-
tracted with ether (3 X 50 ml). The ether layer was washed
(brine), dried, and evaporated to yield a tan-colored solid which
was crystallized from methanol to provide crystals of 25 (1.24 g,
95%) mp 98° [11].

5{N-2'-Carbonylindolyl)aminoindole-2-carboxylic Acid Ethyl
Ester (26).

To compound 25 (204 mg, 1 mmole) in acetonitrile (5 ml) was
added bis trimethylsilyl acetamide (100 mg, 0.5 mmole) and the
reaction mixture was stirred for 1 hour at rt under nitrogen. The
solvent and the excess reagent were removed in vacuo. To the
residue was added acetonitrile (3 ml), indole-2-carbonyl fluoride
[10] (161 mg, 1 mmole) and tetrabutylammonium fluoride (10
mg). The mixture was stirred at rt for 18 hours. The solid that
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separated was filtered and was crystallized from methanol-meth-
ylene chloride to give 26 (300 mg, 86%), mp 282° dec; 'H nmr
(dimethylsulfoxide-de): § 1.31 (3H, t, ] = 7 Hz, -Me), 4.31 (2H, q,J
= 7 Hz, -CH,Me), 7.66-7.02 (8H, m, ArH), 8.13 (1H, s, ArH),
11.82, 11.66 (2H, each s, -NH), 10.13 (1H, bs, -NH); ir: » 3305,
3260, 1695, 1640, 1605 cm™*; ms: (EIMS) m/z 347 (M*), 348, 204,
158, 89.

Anal. Caled. for C,,H,,N,0,H,0: C, 68.75; H, 5.48; N, 12.03.
Found: C, 68.88; H, 5.30; N, 11.56.

5{N-2'-Carbonylindolyl)aminoindole-2-carboxylic Acid (27).

To the above ester 26 (250 mg, 0.72 mmoles) in a mixture of te-
trahydrofuran-methanol-water (3:2:1, 50 ml) was added sodium
hydroxide (240 mg, 6 mmoles). The mixture was refluxed on an
oil bath for 30 minutes under nitrogen. The residue, after remov-
ing the solvent, was suspended in water and acidified with 4N hy-
drochloric acid to pH 2 and cooled. The solid that separated was
filtered, washed, dried (over phosphorus pentoxide), and crystal-
lized from methanol to give 27 (220 mg, 96%), mp 310° dec; 'H
nmr (dimethyl sulfoxide-de): & 7.23-7.08 (2H, m, ArH), 7.70-7.40
(5H, ArH), 8.18 (1H, ArH), 9.99 (1H, ArH), 11.49 (2H, bs, ex-
changeable protons); ms: (EIMS) m/z 319 (M*) 275, 176, 158, 144,
132, 116, 89, 73, 57.

Anal. Calced. for C,,H,,N,0,-14H,0: C, 66.76; H, 4.20; N, 12.98.
Found: C, 67.07; H, 4.44; N, 12,98,

3"5{N-2-Carbonyl indolyl)aminoindole-2-carbonyl}-1",2"-dihy-
dro-3H-pyrrolo{3,2-¢}-7"{N,N-dimethylaminomethyl)indole (6).

To compound 13 (61.15 mg, 0.284 mmole) in acetonitrile (5 ml)
was added the above carboxylic acid 27 (91 mg, 0.284 mmole) and
EDCI (178 mg, 0.92 mmole). The reaction mixture was allowed to
stir at rt under nitrogen for 16 hours. After removing the solvent
in vacuo, the residue was triturated with dilute hydrochloric acid
(4N, 1 ml), cooled, and filtered. The residue, after washing with
water followed by dilute ammonia, was crystailized from metha-
nol (72 mg, 61%) to give 6 as a tan-colored solid. This compound
was further purified by passing through a short column of sepha-
dex-LH 20 using methanol-tetrahydrofuran as the eluting solvent,
mp >320° 'H nmr (dimethyl sulfoxide-de): & 2.85 (6H, s,
-CH,NMe,), 3.32, 3.97, 4.43, 4.92 (each m, -CH,), 3.84 (2H, s,
CH,NMe,), 7.23-7.06 (3H, m, ArH), 7.70-7.40 (TH, ArH), 8.18 (1H,
ArH), 9.99 (1H, ArH), 11.49 (2H, bs exchangeable H); ir: v 3280,
2900, 1670, 1610 cm™'; ms: (EIMS) m/z 372 (M-144), 301, 277,
266, 203, 204, 158, 144, 116, 89, 69, 58.
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